Abstract -A pixel structure for shutter-glasses-type stereoscopic 3-D active-matrix organic light-emitting-diode (AMOLED) displays is proposed. The proposed pixel programs data to the pixel during the light-emission time of an OLED. Because the emission time of the proposed pixel is extended, it is expected that the proposed pixel not only decreases the peak current of the OLED during the emission period but also reduces flicker. Moreover, the aperture ratio of the proposed pixel is 58.69% for a 50-in. full-high-definition (FHD) condition by minimizing the number of thin-film transistors (TFTs), capacitors, and control signal lines as seven TFTs, two capacitors, two power lines, and four control lines per unit pixel. Simulation results show that the error in the emission current of the proposed pixel is from -0.82% to +0.90% when the threshold-voltage variation of the driving TFT is ±1.00 V, and the maximum variation of the emission current is -1.35% when a voltage drop in the power line is -0.50 V on a full-white-image display.
Introduction
In recent days, three-dimensional (3-D) display technologies have been actively studied. [1] [2] [3] [4] Among these 3-D display technologies, 3-D stereoscopic technologies for flat-panel displays use a principle that projects separate images on each eye after separating the images for the left and right eye for the realization of the 3-D effect, and these are classified into autostereoscopic [5] [6] [7] and stereoscopic [8] [9] [10] methods based on the use of glasses. The autostereoscopic method has merit in that it does not require glasses when watching a 3-D display, but the viewing region is narrow and the resolution is reduced. On the other hand, the stereoscopic method, which requires the use of special glasses is uncomfortable, but the viewing angle is relatively wide. A stereoscopic 3-D display is classified into a passive-type 2, 8 display and active-type 9,10 display according to the type of glasses used for separating the image for the left eye (left image) and for the right eye (right image). A passive-type display uses glasses that spatially separate the left and right images by the use of a patterned retarder and polarized filter. An active-type display utilizes temporal separation of the left and right images by using shutter glasses. A passivetype display decreases left-to-right eye (L-R) cross-talk caused by the overlap of the left and right images, but it has disadvantages in that the resolution of the display is reduced to half of that for 2-D display operation because of the spatial division. On the other hand, an active-type display requires fast driving for alternate switching of the left and right images and accurate synchronization of the transition between the display images and glasses to decrease L-R cross-talk, but it does not reduce the resolution of the 3-D display.
Because the response time of an active-matrix organic light-emitting-diode (AMOLED) display is faster than that for liquid-crystal displays (LCDs), the delay time of transition is short when the left and right images are switched. If the delay time of the transition is short, it is easy to reduce the L-R cross-talk. So, an AMOLED display is suitable for active-type stereoscopic 3-D displays. 11, 12 Especially, simultaneous emission with active voltage-control (SEAV) driving 4 is more effective than progressive driving in preventing L-R cross-talk. However, this method has problems in that the emission time is less than one quarter of one frame time to avoid L-R cross-talk. Also, flicker can occur due to the long interval time between emission periods. Furthermore, the peak level of the emission current is high, as much as the decreased emission time for maintaining an average luminance for an OLED for a frame time, so the degradation of an OLED is accelerated. If the emission time increases to reduce the peak level of emission current, threshold-voltage compensation or data programming becomes unstable owing to the shortage in the threshold-voltage compensation time or data programming time.
To solve the above-mentioned problems, several pixels were proposed for securing sufficient programming and emission time. The pixel using dual driving thin-film transistors 13 (TFTs) to execute programming and emission simultaneously has sufficient programming and emission time, but the pixel is complex and the aperture ratio is low because of the use of many TFTs. Moreover, it has a nonuniform luminance problem caused by a mismatch between two driving TFTs. On the other hand, the pixel using a sin-gle-driving TFT 14 does not have the non-uniformity mismatching problem of a driving TFT, but the control waveform is complex and the aperture ratio is low due to many control signals and three capacitors per pixel.
We propose a new pixel structure for active-type stereoscopic 3-D AMOLED display driving that not only has sufficient time for both programming and emission by programming image data for one eye during the emitting image for the other eye, but also a high aperture by using a simple structure without mismatching the driving TFTs. Furthermore, the proposed pixel enhances the thresholdvoltage (V TH ) compensation ability by maximizing the V TH detection time.
2
Proposed pixel structure
Figures 1(a)-1(c) show the schematic, timing, and operational diagrams of the proposed pixel for executing the programming and emission simultaneously, respectively. The proposed pixel consists of six p-type switching TFTs (P1-P6), one p-type driving TFT (P7), two storage capacitors (C1, C2), four control signal lines (SCAN1, SCAN2, SCAN3, EM), and one additional power line (V SUS ) for sustaining constant voltage. The operation of a pixel is composed of the programming period, initializing period, V TH detection period, and emission period. The pixel executes programming operation of image data for one eye during the emission period of image for the other eye. The programming period and the V TH detection period are both non-emission periods, and the front fraction of the emission period is also a non-emission period that prevents L-R cross-talk in light of the slow liquid-crystal (LC) response time of shutter glasses. During the programming period of the left image data, SCAN2 and EM become low, while SCAN3 becomes high. So P2, P3, and P6 turn on, while P4 and P5 turn off. P1 turns on as SCAN1 of each scan line becomes low in regular succession, and data for the left eye are entered through P1. Then, one node of C1 is fixed at a constant voltage (V SUS ), and data voltage based on the left image (V DATA_LEFT ) is applied at the other node of C1. Therefore, charge based on |V DATA_LEFT -V SUS | is stored in C1. At the same time, it emits as much charge programmed in C2 during the previous programming period for the right image.
During the initializing period for the left image data, SCAN1 becomes high and SCAN2, SCAN3, and EM become low, so P2, P3, P4, P5, and P6 turn on and P1 turns off. Then, current flows rapidly through the OLED by connecting the gate node with the drain node of P7, and the gate node of P7 becomes a low-voltage-level state. The initializing period has to be made as short as possible for the reduction of undesirable flashing light during the initializing period.
During the V TH detection period for the left image data, SCAN2 and EM become high, while SCAN1 and SCAN3 become low. So P1, P4, and P5 turn on, while P2, P3, and P6 turn off. By connecting the gate node and drain node (diode connection) of P7, the gate-node voltage of P7 (V G_P7 ) becomes As shown in Eqs. (3) and (5), there are no terms for the V TH of the driving TFT, and V ELVDD in the equation for the drain current during emission. Therefore, it shows that the proposed pixel compensates the V TH variation in driving TFT and variation in V ELVDD (∆V ELVDD ) by a voltage drop in the power line. 
Simulation results
We verified the V TH variation of the driving TFT and ∆V ELVDD compensation ability of the proposed pixel by SmartSpice 15 using the RPI poly-Si TFT model. Table 1 shows the detailed simulation conditions. A conventional AMOLED pixel 16 using 2 TFTs and 1 capacitor (2T-1C pixel) as shown in Fig. 2 is used as a comparison pixel for verifying the compensation ability of the proposed pixel because the 2T-1C pixel does not have the compensation ability of V TH of the driving TFT and ∆V ELVDD . The simulated emission current is calculated by the average value during a half frame time for the left or right image. 
Figures 3(a) and 3(b)
show the simulated emission current of the proposed pixel in regards to V TH variation and ∆V ELVDD per each gray level, respectively. We made sure that the proposed pixel has a uniform compensation ability in regards to V TH variation and ∆V ELVDD for the entire gray-level range by using the simulation results. Figure 4 shows the simulation waveforms of the transient analysis in regards to the V TH variation of the driving TFT. The gate node voltage of P7 changes according to the V TH variation of the driving TFT as shown in Eqs. (2) and (4). As shown in Fig. 4 , V TH of P7 is properly stored at the gate node voltage of P7, and V G_P7 is 7.80, 6.83, and 5.85 V and I D_P7 is 12.11, 12.00, and 11.90 µA during the emission period when the V TH variation of the driving TFT is +1.00, 0.00, and -1.00 V, respectively. Figure 5 shows the simulated comparison results of the emission current error of the proposed pixel and 2T-1C pixel in regards to the V TH variation of the driving TFT. The emission-current error range of a 2T-1C pixel is from -31.58% to +36.90% when V TH varies from -1.00 to +1.00 V. On the other hand, the emission current error range of the proposed pixel is from -0.82% to +0.90% at the same V TH variation condition. Figure 6 shows the simulation waveform of the transient analysis in regards to ∆V ELVDD . The gate node voltage of P7 changes according to V ELVDD as shown in Eqs. (2) and (4). In Fig. 6 , it is shown that the changed voltage ∆V ELVDD is properly stored at the gate node voltage of P7, and V G_P7 is 6.83 and 6.35 V and I D_P7 is 12.00 and 11.84 µA during the emission period when ∆V ELVDD is 0.00 and -0.50 V, respectively. Figure 7 shows the simulated comparison results of the emission current error of the proposed pixel and 2T-1C pixel in regards to ∆V ELVDD . The maximum error of the 2T-1C pixel is -17.01% when ∆V ELVDD is -0.50 V on a fullwhite-image display, while the maximum error of the proposed pixel is -1.35% for the same condition. Figure 8 shows the layout of the proposed pixel. The aperture ratio of the proposed pixel is 58.49% for a 50-in. full-high-definition (FHD) resolution condition. On the other hand, the aperture ratios of a 10 TFT-2 capacitors (10T-2C) pixel 13 using dual driving TFTs and a 6 TFTs-3 capacitors (6T-3C) pixel 14 using a single driving TFT are 55.56% and 53.43% for the same condition, respectively. Because the proposed pixel has a simple structure and a few control lines compared with other pixels when programming and emission occur simultaneously, it has high aperture ratio. Therefore, the proposed pixel has great advantages in regards to the reduction of the OLED peak current and improvement in the OLED lifetime as the aperture ratio increases.
Conclusions
The proposed pixel that programs image data to a pixel during the emission time of a display image for shutter-glassestype stereoscopic 3-D AMOLED displays not only decreases the peak current of an OLED during the emission period but also reduces the flicker level due to the extended emission time. Furthermore, the pixel does not have a non-uniformity problem when mismatching the driving TFTs between the left and right images because it uses only one driving TFT for images of both eyes. Simulation results show that the emission-current error range of the proposed pixel is from -0.82% to +0.90% when the V TH variation of the driving TFT varies from -1.00 to +1.00 V, and the maximum error of the emission current is -1.35% when ∆V ELVDD is -0.50 V on a full-white-image display. In addition, the layout result indicated that the aperture ratio of the proposed pixel is 58.69% for a 50-in. FHD-resolution condition. The proposed pixel has a high aperture ratio due to its simple structure. The high aperture ratio is useful in reducing the peak current and improves the lifetime of the OLED. Therefore, the proposed pixel structure is suitable for active-type stereoscopic 3-D AMOLED displays having high image quality.
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